We analyze tariffs for fixed broadband services in Latin America and benchmark against tariffs in the OECD. We also develop a new broadband development indicator (the Broadband Performance Index) that compares actual penetration rates with those predicted by our regression model. The results shows that broadband services in Latin America are generally expensive and of poor quality when benchmarked against OCED countries, and that Latin American countries are underperforming in broadband development after wealth, education and demographics factors are accounted for. We also provide price elasticity estimators for broadband demand in Latin America. The results reveal that an average price reduction of 10% would result in an increase of almost 19% in the penetration rate, equivalent to 4.7 million additional broadband connections. Finally we estimate the affordability of broadband services for households in a sample of countries in the region. The results reveal that sharp price reductions would be needed to achieve household penetration rates comparable to the OECD, and that public access initiatives will still be needed to provide services for the lowest-income households.
INTRODUCTION
The price level of a service is a key variable for understanding the decisions for its adoption and use by households and businesses. It also reflects the performance and the degree of competition within a sector, making it possible to identify opportunities for regulatory action to strengthen competition and expand market boundaries. However, there is limited research that analyzes the price levels and how they affect demand for broadband Internet access services. This scarcity is even greater for Latin America and the Caribbean, where even national broadband initiatives often lack a solid empirical foundation as to their effect on adoption and use.
The lack of studies is due in part to methodological difficulties. First, the initiatives of governments and international agencies to collect data about this service are recent, and there are no standardized methods to compare the multiplicity of plans and packages offered by service operators in different markets. 1 Second, the rapid evolution of access technologies (both fixed and mobile) presents another challenge, which is reflected in the multiple business models and service features offered by each operator. Finally, fragmentation into multiple markets at the local or regional level and looser regulatory control, compared to basic telecommunications services, make it difficult to establish market boundaries as well as the universe of service operators to be considered. This paper presents a first approach to analyzing the price levels of broadband Internet access in Latin America and the Caribbean and their effect on demand and penetration levels. It presents a multidimensional approach to the broadband market that combines penetration levels (how many people or households have broadband), quality (service speeds offered by operators), price (how much users have to pay for the service) and affordability (how much this expenditure represents in terms of a household or user's income).
In order to evaluate the performance of the countries in the region in terms of service penetration, this paper presents a metric called the broadband performance index (BPI). This index, developed following the work of Ford, Koutsky and Spiwak (2007) for OECD countries, considers a country's economic endowments in analyzing the state of broadband development in each nation. In other words, the observed levels of penetration are compared against the predicted levels based on the country's economic resources and other characteristics that affect broadband adoption.
The analysis of the service quality and price levels offered by the leading broadband providers in each country is based on a survey of plans and tariffs conducted by the authors during the second half of May 2010. The survey covered 323 service plans offered by 54 operators in 23 countries in the region. Collected data corresponds to the capital or main city in each country and the universe of operators includes, at a minimum, the leading provider of access via DSL (typically the former telecommunications incumbent), and the largest provider of services via cable modem (if present). In this first approach mobile broadband services were not included. Though several studies reveal the importance of this platform for Internet access in the region, including these services necessitates a broader discussion about the complementarity or competition between fixed and mobile broadband, as well as metrics for comparing service quality levels, all of which goes beyond the scope of this paper.
The analysis of broadband affordability aims at comparing observed tariff levels against household income and willingness to pay for the service. This is a valuable tool for designing universal service plans and makes it possible to set realistic goals and to define appropriate policy instruments. Furthermore, disaggregation by income groups within each country allows a better approximation as to the potential effect of tariff reductions on service penetration among lower income households and micro-enterprises.
Considering each of the dimensions of broadband services (i.e., penetration, price, quality and affordability) separately, one could reach very different conclusions regarding the development of broadband in the countries of the region. The multidimensional approach taken in this paper makes it possible to analyze simultaneously the different factors that determine the level of broadband development in each country, while taken into account its economic endowments and demographic characteristics. This approach also makes it possible to isolate the effect of the variables of interest to policymakers, identifying best international practices and opportunities to align public policy objectives with the policymaking tools available to governments in the region. Ultimately, the goal is to support broadband development initiatives in Latin America and the Caribbean, offering recommendations to orient private investment, to optimize the use of public resources and to maximize the impact of universal service programs.
The paper is organized as follows: the next section presents the broadband performance index (BPI) and discusses its results against traditional penetration indexes. The third section presents the findings of the tariff survey, while the fourth presents the estimates about the effects of these tariffs on penetration levels in the region. The fifth section discusses findings with respect to the affordability of broadband services, while the conclusion outlines policy recommendations drawn from the analysis.
THE BROADBAND PERFORMANCE INDEX
The measurement most commonly used to establish the level of broadband development in a country is service penetration rate, defined as the number of subscriptions per 100 inhabitants or households. The results obtained with these indicators are often predictable: wealthy developed countries are also those with the highest level of broadband penetration, while less developed countries lag behind in the deployment and adoption of this new technology. As argued by Ford et al. (2007) , these results only confirm the findings of an extensive literature that shows a close relationship between economic development and new technology adoption, and in particular between indicators of wealth and the deployment and use of telecommunications networks, which is known as the Jippe Curve. 2 In this paper, we use an alternative approach to compare broadband development between countries. The approach is based on comparing, for each country, observed penetration levels with expected penetration levels given a set of economic and demographic factors that previous studies identify as determinants of the adoption and deployment of telecommunications infrastructure. In other words, rather than comparing countries on the basis of observed penetration levels (the traditional approach), our broadband performance index (BPI) compares countries on the basis of how close they are to expected penetration levels given a set of economic and demographic characteristics that affect both supply and demand for broadband in a given market. 3 As such, this indicator is presented as a complement to traditional penetration indicators, rather than a substitute.
To calculate the BPI, a simple model of regression is estimated, considering five factors identified in the literature as determinants of the level of broadband penetration (PENET):  An education index (compiled by United Nations) that comprises the illiteracy rate and the rate of enrollment in primary, secondary and tertiary schools (EDUC).
The observed penetration data corresponds to 2009 and was taken from the ITU database (ITU World Telecommunication Indicators ICT 2010). The household data density was calculated for 2008 by the authors based on the number of households reported by the ITU and the surface area of each country. All other variables refer to 2008 and were obtained from the World Bank (World Development Indicators database). The temporal lag in the explanatory variables responds to the availability of data, but can also mitigate potential endogeneity problems because, as shown by several studies, the development of broadband has an impact on aggregate GDP. 4 The countries analyzed are Argentina, Belize, Bolivia, Brazil, Chile, Colombia, Costa Rica, Ecuador, El Salvador, Guatemala, Guyana, Honduras, Jamaica, Mexico, Nicaragua, Panama, Paraguay, Peru, Dominican Republic, Surinam, Trinidad and Tobago, Uruguay and Venezuela. 5 To obtain a greater number of observations for a proper statistical analysis, 29 OECD countries were included in the sample (all of the member countries, except for Mexico, which is already included in the original sample).
The estimated model takes the following form (the subscript indicates the observation, i.e., the country): 2 For a general overview of this research, see the World Bank (2008) . 3 An example illustrates the use of the BPI. It is assumed that a single factor of wealth 'X' determines broadband penetration B and that, on average, for every unit of X broadband penetration increases 0.10 units. Thus, the expected penetration in a country i would ßi = 0.1 * X. Now, if the assumption is for two countries A and Z with wealth levels 3 and 5 respectively, the expected penetration would be 0.3 in country A and 0.5 in country Z. If it is found that the actual penetration is 0.35 in country A and 0.45 in country Z, it can be concluded that, although absolute levels of penetration are higher in Z, the level of broadband development is greater in country A when factor endowments are taken into account, while the broadband penetration in country Z is below its potential. (Ford et al., 2007) . 4 See Dattaa and Agarwal (2004) , Katz (2009) , Koutroumpis (2009) and Röller and Waverman (2001) . 5 Honduras was excluded due to a lack of comparable data regarding broadband penetration.
Based on the results of the literature reviewed, the expected results were:
 The higher income, the greater the penetration of broadband -1> 0  The higher the density, the greater the penetration of broadband -2> 0  The higher the percentage of urban population, the greater the penetration of broadband -3> 0  The higher percentage of people between 15 and 64 years old, the greater the penetration of broadband -4> 0  The higher the level of education, the greater the penetration of broadband -5> 0 Table 1 shows the results of the analysis. 6 The proposed model explains about 86% of the variability in broadband penetration. This confirms the importance of the economic and demographic characteristics that affect the development of broadband, and suggests that only a small proportion (14%) of the differences in penetration between countries could be attributed to other factors. The signs of the coefficients of the determinants are in line with expectations and are significant at 5%, except for the age proxy. The disparity in the magnitudes of the coefficients, in particular education (EDUC), is especially striking but it should be noted that the units of measurement are different for each variable. In order to estimate the marginal effect of different determinants and proceed to a comparison of the impact of each one separately, we examine the effect of a 1% increase in each factor on penetration levels (the effects are observed on the averages for the different variables). 
In which a represents the estimated coefficients presented in Table 1 .
The difference between the observed and the predicted penetration is PENET i -PENETP i = e i , where e i is the estimator of i .
To facilitate the interpretation of the results, BPI is defined as:
Using this procedure, BPI values between -1 and +1 are obtained, where positive values indicate a performance that exceeded expectations, while negative values indicate a performance below expectations. A value close to zero indicates that the country is meeting performance expectations based on its economic endowments and demographic characteristics. Figure 1 presents a ranking of countries in Latin America and the Caribbean according to the BPI. 7 For the purpose of comparison with traditional indicators, the ranking of countries in terms of penetration per 100 inhabitants is presented in parentheses.
The BPI's main results are that, in general, the countries of the region are below their potential for broadband development based on their economic endowments and demographic characteristics. Some countries, such as Mexico and Brazil, stand out for meeting expectations with respect to broadband penetration, whereas high penetration countries such as Argentina and Uruguay are well below expected levels of service adoption, given their relatively high levels of income and education and favorable demographics (i.e., high urbanization rates). Moreover, the BPI suggests that certain countries with low penetration rates, such as Paraguay, Nicaragua and Guatemala, fall within their expected levels of penetration or even exceed them. For its part, Chile, a country that leads traditional rankings of penetration in the region, is also below its expected level of broadband development, although the gap is smaller than in the cases of Argentina and Uruguay. 
PRICE AND QUALITY INDICATORS
The second dimension of interest in the analysis of broadband in Latin America and the Caribbean relates to the observed price levels and quality of service offered by the leading service providers. To account for this dimension-the main purpose of this paper-a survey of all the plans and tariffs offered by the major operators in each country in the region was undertaken. This survey was carried out following the methodology proposed by the OECD, which, among other advantages, allows a comparison of the results for Latin America and the Caribbean with those available for developed countries. 8 This methodology considers as broadband all plans whose advertised download speed is greater than 256 kbps. In each country, the universe of operators considered included at a minimum the leading provider of access via xDSL and the largest provider of services via cable modem (if available). We surveyed 323 plans offered by 54 operators in 23 countries. The data corresponds to the capital or main city in each country, and was compiled during the second half of May 2010.
Quality (speed)
The quality of Internet access services depends on a variety of factors, which include speed and connection stability (measured in terms of fluctuations in latency and packet loss). It is a key variable that affects not only the type of possible uses but also the service applications that can be offered upon the basic access services. The development and adoption of advanced e-commerce, entertainment, online games and distance education, among many other broadband applications, 8 See http://www.oecd.org/sti/ict/broadband. (20) Guatemala (21) Mexico (2) Brazil (5) Paraguay (17) Jamaica (11) Costa Rica (8) Trinidad & Tobago (4) Colombia (10) El Salvador (16) Bolivia (18) Chile (1) Surinam (19) Guyana (22) Dominican Rep. (12) Panama (9) Peru (14) Venezuela (7) Ecuador (18) Argentina (3) Uruguay (6) depends heavily on the deployment of high-quality broadband services that can support the high quality requirements of those applications.
Typically, Internet access services vary in terms of the download speeds advertised by the service operator, though in some cases the offering includes promises about particular upload speed and connection stability (QoS). In this paper, the download speed advertised by the operator is considered a proxy for quality of service. 9 As mentioned above, we follow the ITU definition of broadband as any Internet access services with a minimum 256 kbps download speed. However, the distinction between services proposed by the OECD-low speed (256kbps-2Mbps), average speed (2.5 Mbps-10Mbps), high speed (10Mbps-32Mbps) and very high speed (+35 Mbps)-is added to this definition.
In terms of the maximum speeds offered, Chile is the best performer among the countries in the sample, followed by Argentina, Brazil and Colombia (see Figure 2 ). Only Jamaica, Trinidad and Tobago, Mexico and the Dominican Republic join the group of countries that offer speeds of at least 10 Mbps, the lower end of what the OECD considers "high" speed access. At the other extreme, countries in the fifth quintile (Guatemala, Honduras, Belize, Surinam, Guyana) offer maximum speeds that do not reach 2 Mbps-the 'low speed' access definition of the OECD. None of the countries surveyed at the time had residential plans offering speeds higher than 35 Mbps (or "very high" speed), reflecting the limited deployment of high capacity networks in the local segment in the region (especially FTTH). It is worth noting that the average maximum speed offered in OECD countries is 9.3 times higher than that offered in Latin America and the Caribbean.
Source: Prepared by the authors.
Figure 2. Maximum speed offered (in Mbps)
The relative ranking of countries practically remains unaltered when considering the average speed for all plans offered in each country (the correlation between the two rankings is 0.97). Chile remains the best performer in terms of the quality of the broadband offering, but well below the average speed offered in OECD countries (which is seven times higher than the regional average). Both indicators place the same countries in the same quintile of performance, with the exception of Bolivia and Honduras, which switch places within the two lowest performing groups (see Figure 3 ). 9 The speed advertised by the operators is no more than a promise of best efforts; the actual speed at any given time depends on a variety of factors affecting service quality. However, in this paper it is assumed that the relationship between advertised speed and actual speed remains constant between fixed broadband service operators and, therefore, does not affect comparisons between the respective offerings. Finally, Table 3 presents the rankings generated by two measurements of speed. A ranking based on the simple average of these indicators is also included. The results confirm Chile, Brazil and Argentina as the countries offering the highest quality broadband service, while Guyana, Surinam, Belize and Guatemala lag behind. Source: Prepared by the authors.
Table 3. Ranking of Advertised Speeds

Tariffs
The multiplicity of plans, special discount deals and packages offered by broadband operators presents a challenge to comparing tariff levels between countries. In this section we present various indicators that, when combined, provide an approximation to the price level of broadband access in the countries of the region and in relation to developed countries (OECD). 10 Following standard methodology, tariffs are converted into US$ PPP to obtain comparable measurements among different countries.
Our analysis begins by sorting countries according to the average advertised price of a broadband connection based on all the plans surveyed (see Figures 4 and 5) . List prices were computed separately from discounted prices (discounted prices generally offer reduced rates during the first months of service), but the resulting rankings were essentially identical. Given the similarity between the two rankings, list prices are used in the remainder analysis. The first interesting result is that countries with good performance in terms of penetration and quality of service do not necessarily stand out in terms of average prices (in particular Argentina and Brazil). However, in general, the results confirm the inhibitory effect exerted by prices on service adoption, as four of the five countries in the bottom quintile of service penetration have tariffs well above average in the region. (the notable exception is Guatemala, with relatively low average tariffs and limited service adoption).
As a reference, average prices in the 30 OECD countries are included. On average, prices in Latin America and the Caribbean are nearly 2.5 times higher than those observed in OECD countries, which explains part of the differences in penetration. However, it is worth noting that the best performing countries (Uruguay, Jamaica, Mexico and Chile) have average tariffs comparable to those in OECD countries, and virtually every country in the first and second quintiles offer average prices within 1 standard deviation of the OECD average.
Another indicator commonly used is price per megabit per second (Mbps), which allows comparisons based upon a standardized measure of price/quality. In other words, this indicator makes it possible to measure the value obtained in each country for every dollar spent on broadband service. As shown Jamaica, Chile and Mexico still lead the region by offering the lowest price per Mbps. On the other hand, Uruguay is negatively affected in the price per Mbps comparison due to the low average speed offered by its main operator. Venezuela, El Salvador and Guatemala represent similar cases, falling from the second to fourth quintile. This indicator favors, on the contrary, countries with high speed plans such as Argentina and Brazil, since these plans tend to have a lower cost per Mbps (see Figure 6 ).
While countries in the first quintile have a comparable performance with the OECD average (± 1 standard deviation), the average price per Mbps in the region is 15.5 times greater than in developed countries. Again, the key difference are the high and very high speed plans offered in OECD countries; the price/quality ratio is therefore significantly less attractive in Latin America and the Caribbean. In order to mitigate the bias of the previous indicator, the comparison of plans is segmented based on service speed (see Figures 7, 8 and 9) . In the low-speed access segment (256kbps-2Mbps) average tariffs in the region are three times higher than those reported in the OECD countries, a difference that increases to 3.5 times in the medium speed tier (2.5Mbps-10Mbps) and the high speed tier (10Mbps-32Mbps).
Source: Prepared by the authors. Finally, the lowest tariffs for broadband Internet access were compared for the countries in the region (Figure 10 ). The price of the entry-level plan is an important indicator because it establishes the minimum level of spending required by a household or micro-enterprise to access broadband services, and is therefore used in several international comparisons. These plans are a central element of the universal broadband initiatives adopted in various countries, which seek to reduce barriers to adoption by fostering the provision of basic connectivity plans.
It comes as no surprise that Uruguay and Venezuela are the best performing countries in the region, since government control over the main telecommunications operator makes it possible to offer basic connectivity plans (typically with low speed and caps on data volume) at reduced tariffs. Something similar is underway in Brazil, where various private operators joined the Banda Larga Popular plan implemented in the State of São Paulo, which offers tax benefits to operators joining the initiative. 11 Chile presents the opposite case, falling to the third quintile. Bolivia, Nicaragua, Guyana, Suriname, Honduras and Belize are the worst performers in this indicator, which is consistent with their poor performance in other indicators considered.
Source: Prepared by the authors. 11 In various counties in the region, basic plans targeting lower income households are available. These plans, which are similar to subsidized tariffs in basic telecommunications services, contain diverse restrictions on download speed and volumes, and, in some cases, include a pre-pay modality The pre-pay broadband plan offered by telco CANTV in Venezuela for US$ 7 a month, is ADSL access with a download speed of 256 kbps (the minimum for broadband) and 128 kbps upload, with a limit of 500Mb per month. In Uruguay, the state-run telco ANTEL offers a basic plan with a download speed of 1024 kbps and a 2Gb limit for US$ 9 per month (with special discounts Source: Prepared by the authors.
Table 4. Ranking of Tariffs
To conclude, the results reveal:
1. A high dispersion of tariffs in the region, even in markets with similar characteristics, suggesting the existence of opportunities for regulatory action aimed at strengthening competition and addressing potential bottlenecks in the various segments that comprise the Internet access market.
2. A lower quality offer and an average level of tariffs significantly higher than in OECD countries, particularly for mediumspeed (2.5 Mbps-10Mbps) and high-speed (10Mbps-32Mbps) plans. In the best performing countries in the region, however, tariffs are comparable to those of the OECD, which reinforces the need for the actions mentioned in the previous paragraph.
3. The importance of basic connectivity plans to reduce current price levels and, thereby extend the boundaries of the residential market for broadband Internet access. The results suggest the existence of a balance between price and quality offered, by which some countries stand out in terms of value per Mbps while others do so in terms of low entry-level costs. Uruguay and Venezuela are examples that suggest the potential for demand segmentation to extend connectivity to the base of the income pyramid.
ESTIMATING THE EFFECT OF PRICE ON BROADBAND DEMAND
The results of the BPI discussed in the second section suggest that broadband adoption depends largely on the wealth and demographic characteristics of individual countries. In other words, it depends on long-term variables upon which policy makers have limited capacity for action in the short term. On the other hand, the price of broadband access services is a variable that governments can act upon through various tools to promote competition and correct market failures. Henceforth the estimated impact of tariff changes on the adoption of the service is a key ingredient in defining broadband policies.
The model used for calculating the BPI purposely omits the price variable, since as pointed out by Hauge and Prieto (2010) the penetration level is determined by the interaction between the availability of services, the plans offered and the demand for the service. Therefore, price and penetration are determined simultaneously, which requires other econometric tools to isolate the effect of price on broadband penetration. This section addresses this issue.
The correlation between price and penetration indicators suggests that an association between the two variables exists. As an example, Figure 11 shows the simple correlation between the price per Mbps (in PPP dollars) and the penetration rate per 100 households for the 22 countries of Latin America and the Caribbean and the 29 OECD countries in the sample. 12 As expected, the lower the price the higher the penetration.
Source: The authors and UIT (2010).
Figure 11. Correlation between Price (USD PPP/Mbps) and Broadband Penetration (connections per 100 households)
In order to isolate the effect of price on broadband demand we start by estimating a simple regression model that considers four demand factors identified by the literature as determinants of the level of broadband penetration (PENET). In the case of PRICE, we use average discount prices in each country (see the third section). For the other variables the data is similar to that used to compute the BPI (see the second section). Again, the temporal lag in the explanatory variables responds to the availability of data, but also makes it possible to mitigate a potential endogeneity problem.
Price and digital illiteracy appear among the most frequently mentioned barriers to the adoption of broadband (Horrigan, 2009 ). 14 Digital illiteracy-the inability to use digital technologies to find, use and create information-tends to be the most important barrier among older people and those less educated (Hauge and Prieto, 2010). AGE and EDUC are included as proxies of this determinant of broadband adoption.
The countries analyzed are Argentina, Belize, Bolivia, Brazil, Chile, Colombia, Costa Rica, Ecuador, El Salvador, Guatemala, Guyana, Honduras, Jamaica, Mexico, Nicaragua, Panama, Paraguay, Peru, Dominican Republic, Suriname, Trinidad and Tobago, Uruguay and Venezuela. In order to have a greater number of observations for proper statistical 12 Honduras is excluded again due to a lack of comparable data regarding broadband penetration. 13 The selection of variables to include in the regression respond to theoretical considerations and data availability, as well as the need to keep the number of parameters to be estimated low, given the limited number of observations. 14 The lack of a computer at home is another major barrier, but the lack of current data prevents inclusion of this variable in the specification. However, given the high correlation between penetration of personal computers and GDP per capita (Chinn and Fairlie, 2006) , the inclusion of PBICAP among the determinants should capture this effect, at least in part. analysis, 29 OECD countries were included in the sample (all the member countries, except for Mexico, which was already included in the original sample).
The broadband demand function is estimated as follows (the subscript indicates the observation, i.e., the country):
Based on previous studies, we expect:
 The higher the prices, the lower the demand for broadband - 1 <0
 The higher the income, the greater the demand for broadband - 2> 0  The higher percentage of people between 15 and 64 years of age, the greater the demand for broadband - 3> 0  The more education, the greater the demand for broadband - 4> 0
The Notes: *** Significant at 1%. ** Significant at 5%. * Significant at 10%. Standard errors indicated in brackets.
Table 5. Estimate of Broadband Demand (OLS)
Column (1) presents a simple regression in which price is the only variable. The coefficient has the expected sign and is significantly different from zero at 1%. Column (2) includes the control variables, i.e., GDP per capita, age and education. The effect of price decreases sharply and is only significant at 10%. The model explains about 84% of the variance in service penetration. The signs of the coefficients are as expected and are significant at usual confidence levels, except for the AGE proxy, which is not significant. In this specification, while it is possible to detect an effect of price on broadband demand, such effect is small. For example, a 10% reduction in the average price (from US$ 77 to US$ 70 PPP) results in only a 1.32% increase in penetration (estimated in the means of the variables).
As mentioned above, the problem is that price is potentially endogenous in the demand function. If broadband demand and supply vary over time, penetration and observed prices reflect a set of equilibrium points (i.e., the intersection of supply and demand). In that case, an OLS estimate of penetration against price is unable to identify the demand or supply function (Angrist and Krueger, 2001 ). To correctly capture the effect of price on broadband demand, it is necessary to identify a factor that affects supply without affecting demand for broadband, i.e., an instrumental variable (IV). The idea is to isolate the exogenous variability (i.e., not caused by demand factors) to estimate the impact of price on broadband demand.
Household density per km2 (DENSHH) was selected as instrumental variable, since, as shown extensively in the literature, density affects the cost of deploying telecommunications infrastructure (Cribbett, 2000) . In an industry with large economies of scale, it is expected that a higher population density implies lower unit costs and therefore lower prices on average. On the other hand, there is no reason to hypothesize that density affects the demand for broadband services (except through the effect on the price).
15 Table 6 presents the results of the estimation of broadband demand, which includes the PRICE variable instrumented by DENSHH.
Dependent variable: PENET Notes: *** Significant at 1%. ** Significant at 5%. * Significant at 10%. Robust standard errors were estimated and indicated in brackets.
Table 6. Estimate of Broadband Demand (Model IV)
With the aid of the instrument, the observed effect of price on broadband demand is greater than the one suggested by the OLS estimation (column (2)). To quantify this effect, the elasticity for each country is calculated, given that as an estimate of linear demand, elasticity is different at every point and, of course, is greatest where the price is high and penetration is low.
Then, the penetration rate is calculated using the estimated elasticity and different assumptions about the price reduction in each country, ranging from 10% to 50%. Source: Prepared by the authors. 16 Elasticity is defined for small variations in price. The calculations in the table should be taken more as a hypothetical exercise than as an accurate prediction of the response in penetration to price changes. Only under the assumption of constant elasticity would the calculations be accurate; in the opposite case, the approximation will be less accurate the greater the variation in price.
As shown, the effect of a price reduction is greater in countries with low penetration and high tariffs, like Bolivia, Ecuador and the Dominican Republic, than in countries with high penetration and lower tariffs, such as Chile and Uruguay. In the last stage of the exercise, the average elasticity for the total sample as well as for each group of countries is calculated (Table 8) .
Price elasticity
Total sample 0.68
Source: Prepared by the authors. The results confirm the higher price elasticity of broadband demand in the countries in the region, compared to the OECD. 17 In the case of Latin America and the Caribbean, an average price reduction of 10% would result in an increase of almost 19% in the penetration rate, equivalent to 4.7 million additional broadband connections. However, it also noted that even with price reductions of 50%, the region would still be far from the penetration levels observed in the OECD, a finding that validates the search for complementary strategies such as fostering mobile broadband connectivity, shared access models and broadband subsidies for schools (see next subsection).
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Brazil´s national broadband plan
In May 2010, the Brazilian government announced an ambitious National Broadband Plan (PNBL, for its acronym in Portuguese) which includes among its main objectives to triple the number of residential connections. The plan calls for a sharp reduction of approximately 40% in the price of the least expensive broadband subscription in the short term (from current R$ 49 to R$ 29 before taxes). The findings of this section make it possible to assess whether this price reduction would be sufficient to meet the objectives proposed in the PNBL. The results presented in Table 7 indicate that a price cut of 40% would almost double the rate of penetration in Brazil to about 13%. However, to triple the rate (raising penetration levels from 7.5% to 22.5%) would require tariff reductions greater than 85%, which is not feasible in the short term. This suggests the need to act on other variables affecting demand in order to achieve the goals set by the PNBL.
BROADBAND AFFORDABILITY
With the goal of complementing the results outlined in previous section regarding tariff levels for broadband Internet access in the region, this section analyzes the affordability of these services. In other words, tariffs are compared with household income levels in order to estimate the relative effort families have to make (or would have to make in the case of households not yet connected) to pay for broadband services. Affordability refers to the ability to pay for a service in different income strata and, as such, is a fundamental dimension of broadband demand estimations. Moreover, the design of effective policies to expand the service depends on a correct estimation of affordability for target households. Interestingly, this issue has hardly been addressed by the research literature, and the few available studies have yielded inconsistent results (Clarke et al.
2009; Hauge and Prieger, 2010; Rosston, Savage and Waldman, 2010).
We start from the assumption that households are willing, on average, to pay a certain percentage (T%) of their income for broadband Internet service. If the actual cost of the service exceeds T, the probability of adoption is low, while if service costs less than T, the probability is high. Therefore, T is considered to be the threshold of broadband affordability. 17 The estimates of elasticity are in line with other Studies. The evidence regarding the value that T assumes in different countries and at different income levels is limited. Following Barrantes and Galperin (2008) , a preliminary estimate of T = 5% is set. This value is widely used both in academic research and in policy studies conducted by specialized international entities as a general threshold for telecommunications expenditures (Milne, 2006) , and is confirmed by the latest evidence available for Latin America and the Caribbean (Marchionni and Gluzman, 2010). 19 Since this threshold is typically used for spending on all telecommunications services, it represents a conservative threshold when applied only to broadband services (and therefore the results to follow may overestimate the true affordability of the service).
Typically, the ratio between the price for a service and average GDP per capita or household is used as a proxy for affordability. For example, Figure 12 shows the average list price of broadband Internet services as a proportion of GDP per household (on a monthly basis) for the sample of LAC and OECD countries analyzed in this paper.
Source: Prepared by the authors This indicator suggests that in over half of the countries of the region (15 out of 23), the cost of Internet access (average list price) is below the 5% threshold of household income. While the regional average is slightly above this threshold, it is clearly biased by some countries with very low affordability, like Bolivia and Guyana. It is worth noting however that the average for the region is nearly eight times that of OECD countries, indicating the greater relative effort that households in Latin America and the Caribbean must make by to purchase broadband services. In only a few countries in the region, among them Trinidad and Tobago and Mexico, the affordability of broadband is similar to that of developed countries.
The situation improves significantly when taking into consideration the least expensive plan offered in each country. As shown in Figure 13 , the number of countries above the 5% threshold drops from eight to five. On average, however, the greater affordability of broadband for households in the OECD remains, where the cost of the cheapest plan represents only 0.3% of average monthly income, while in Latin America it represents 2.5%. In other words, the effort required of a household in the region to purchase broadband services is eight times higher than the average OECD household. 19 The authors examined the total telecommunications expenditure of average households in eight countries in the region and found that they came close to reaching 5% only in Colombia, and that spending was significantly lower in cases such as Mexico (3.1%) and Peru (1.4 %). The results obtained from affordability indicators at the aggregate level, however, conceal many measurement problems. First, dividing the total country GDP by the total number of households results in a proxy with limited validity for estimating the true household demand for broadband (this is confirmed by data obtained from household surveys which suggests that disposable household incomes are significantly lower, as discussed below). But even more problematic is working with average indicators in countries that stand out for their income distribution inequalities, as is the case for countries in Latin America and the Caribbean. This requires working with indicators disaggregated by income levels, and obtained from household surveys rather than national accounts.
What follows is a preliminary analysis of broadband affordability by income levels based on three countries (Argentina, Brazil and Colombia) for which recent data for household income in urban and rural areas is available. 20 Figure 14 through 18 illustrate the 5% threshold of household expenditure on telecommunications for each income decile (in national currency), as well as the price of the least expensive broadband plan available on the market (represented by the dotted line). This allows us to estimate the affordability gap, which corresponds to the difference between the household income available for expenditure on telecommunications (i.e., the 5% threshold) and the corresponding tariff (in this case the least expensive plan available).
In the case of Argentina, the results confirm the conclusions drawn from the analysis at the aggregate level: generally speaking, the affordability gap is small. As can be seen, only 20% of households, representing the poorest quintile, are not able to afford the cost of broadband service, which suggests a large potential for market growth. Furthermore, it is worth noting that the findings are consistent with Argentina's BPI analysis, which suggests that broadband penetration is well below expectations for the country. 20 The authors thank their colleagues at the Centro de Estudios Distributivos, Laborales y Sociales de la Universidad Nacional de La Plata (CEDLAS), in particular Guillermo Cruces, for collaboration in processing the microdata. For Brazil, the data provides additional differentiation for households in rural areas, which is important given the limited availability of Internet service in those areas. Figure 15 presents the affordability gap for all households in the country. Following the discussion regarding the PNBL in the previous section, the chart includes both the current minimum tariff (R$ 49) as well as the PNBL target tariff (R$ 29). As shown, this price reduction would extend the boundaries of the broadband market from 60% to 80% of households in the country, while another type of connectivity solution must be sought out for the remaining 20% (the poorest quintile).
Source: CEDLAS and the authors. Expenditure threshold (5%) Least expensive plan PNBL target price However, if one considers only those households in rural areas (for which income levels are significantly lower), as shown in Figure 16 the effect of the PNBL proposed price reduction would be larger, expanding the boundaries of the market from 40% to 70% of households. Again, other tools are needed to provide connectivity to 30% of lower income households in rural areas.
Source: CEDLAS and the authors. In the case of Colombia, as shown in Figure 17 , the affordability analysis for the entire country suggests that the potential market extends only to half of the households, since for the rest the lowest tariff available exceeds the threshold of available expenditure in telecommunications.
Source: CEDLAS and the authors. Expenditure threshold (5%) Least expensive plan
In the case of households in rural Colombia, the gap is significantly larger, as shown in Figure 18 . In this case, only 20% of households have the disposable income needed to purchase the service at current prices. The analysis makes it possible to estimate that a 40% tariff reduction, which means reducing the current lowest tariff from 42,000 pesos to approximately 25,000 pesos-a discount similar to that proposed by the Brazilian PNBL-would result in a significant expansion of the market, allowing at least half of rural households to purchase the service.
Source: CEDLAS and the authors. In summary, the affordability analysis reveals that there is still a long way to go in Latin America and the Caribbean before broadband reaches the majority of households. On the one hand, the aggregate analysis reveals that, on average, households in the region must make an effort eight times higher than households in developed countries to buy broadband services, which is explained both by the lower income levels as well as by the higher tariffs prevailing in the region. It is worth reiterating, however, that the average is heavily biased by a few countries with very low affordability levels, and that in some countries in the region affordability levels are comparable to those in OECD countries.
A better approximation to households' true ability to pay for the service is possible through a disaggregated affordability analysis; the results confirm both the potential for market growth in high-income countries like Argentina and Brazil, as well as the challenges to connectivity in rural areas with low incomes and high costs of network deployment. As shown in the case of Colombia, tariff reductions are necessary but not sufficient to reach universal connectivity on these areas, and must be supplemented with other connectivity initiatives.
CONCLUSIONS
The relation between the price level of a service and household's disposable income is a key variable for an accurate diagnosis of the market's boundaries as well as for the design of public policies that seek to expand those boundaries. This paper discusses the price level of fixed broadband Internet services in the residential segment in Latin America and the Caribbean, and seeks to estimate the affordability of those services for different households along the income distribution curve in each country. The paper also proposes new diagnostic tools for broadband development and advances in estimating the potential effect of changes in tariffs on the level of service adoption.
The analysis leads to two general conclusions. The first is that there is ample room for reducing tariffs and improving the quality of service of fixed broadband services in Latin America and the Caribbean. The second is that broadband adoption is explained to a large extent by economic endowments and the demographics of a country, and that initiatives aimed at tariff reductions should be complemented by public policies that affect other demand variables (e.g., digital literacy programs) and alternative access strategies (e.g., mobile broadband or shared access). In other words, good regulatory practices are Expenditure threshold (5%) Least expensive plan necessary but not sufficient. Due to the abovementioned factors, countries in the region require proactive initiatives to extend networks and to stimulate broadband demand in order to approach the penetration levels found in OECD countries.
The broadband performance index (BPI) reveals that countries in the region are not meeting their potential for broadband development. In other words, given their economic endowments and demographic characteristics, there is significant market growth potential, particularly for middle and high income countries with educated populations. Moreover, the results draw attention to the weight of structural determinants (income and education levels, demographics, and geographical characteristics) on the deployment and adoption of broadband, which explains much of the gap between Latin America and the Caribbean and developed countries.
The results of the tariffs survey indicate that there is significant dispersion in prices and the quality of services offered in the region. In particular, the price differences between markets with similar characteristics suggest the existence of opportunities for regulatory action aimed at strengthening competition and to address possible anti-competitive practices in the various segments that comprise the Internet access market.
Benchmarking with OECD countries is not favorable to the region: in general, the service quality is lower and prices higher. Average prices in the region are almost three times higher than those reported in OECD countries, though as mentioned there is significant price dispersion within the region, and those with the strongest performance have comparable tariffs to OECD countries. The differences are exacerbated when utilizing indicators normalized to cost per Mbps, as the higher speed plans available in the OECD result in lower prices per unit of service. This finding suggests the need to promote service segmentation, so that the market attends the demand for high quality services and at the same time offers basic connectivity plans at affordable prices. The initiatives of social tariffs for broadband services in Uruguay, Venezuela and Brazil stand out in this regard. In general, countries with very strong relative performance in terms of penetration do not necessarily stand out in quality or price, which reinforces the value of a multidimensional approach to international comparison.
Estimating the effect of price on broadband demand confirms the findings regarding the growth potential of broadband in Latin America and the Caribbean. On the one hand, the results validate the association between price and service penetration. Furthermore, econometric modeling suggests that broadband demand is elastic to price in the region, while it appears to be relatively inelastic in the more developed markets of the OECD. More specifically, the results suggest that an average price reduction of 10% would result in an increase of almost 19% in the penetration rate in the region (equivalent to 4.7 million additional connections). This important finding reinforces the need for further competition in the access market as a tool to universalize services. On the other hand, the analysis reveals that even with drastic price reductions in tariff levels the region will continue to be far from the penetration levels of the OECD, which corroborates the need for complementary connectivity strategies.
Finally, the affordability analysis shows that, on average, households in Latin America and the Caribbean must make an effort eight times higher than households in developed countries to acquire broadband services, which is explained by lower income levels as well as higher tariffs. In turn, the affordability gap indicator suggests that the ability to pay for the service varies significantly for households based on income levels and geographic location. As the example of the PNBL initiative in Brazil illustrates, this tool allows us to estimate the potential impact of government initiatives for implementing universal broadband service and, in turn, identify market boundaries and the subsidy levels required to ensure a minimum level of connectivity for all households in the region.
